Abstract | Knowledge of the genetics of type 2 diabetes mellitus (T2DM) has evolved tremendously over the past few years. Following advances in technology and analytical approaches, collaborative case-control genome-wide association studies have revealed up to 65 loci credibly associated with T2DM. Prospective population studies have demonstrated that aggregated genetic risk scores, so-called because they sum the genetic risk attributed to each locus, can predict incident T2DM among individuals of various age ranges and diverse ethnic backgrounds. With each set of T2DM loci discovered, increasing the number of loci in these scores has improved their predictive ability, although a prediction plateau may already have been reached. The current literature shows that intensive lifestyle interventions are effective for preventing T2DM at any level of genetic risk and might be particularly efficacious among individuals with high genetic susceptibility. By contrast, counselling to inform patients about their personal T2DM genetic risk profiles does not seem to improve motivation or attitudes that lead to positive lifestyle behaviour changes. Future studies should investigate the role of genetics for both T2DM prediction and prevention in young populations in the hope of reducing disease burden for future generations.
Introduction
Type 2 diabetes mellitus (T2DM) is the archetype of a complex disease, influenced by both genetic and environ mental determinants. Advances in knowledge and technology in the field of genetics have enabled the discovery of T2DM-associated genetic loci at a speed unthinkable just a few years ago. From a handful of genes identified through candidate-gene approaches, this area of investigation has evolved rapidly by pooling the data generated by consortia of multiple individual cohorts in case-control genome-wide associations study (GWAS) analyses, as demonstrated by the DIAbetes Genetics Replication And Meta-analysis (DIAGRAM) consortium. This approach has now uncovered at least 65 distinct genetic loci associated with T2DM; 1 nonetheless, as the number of loci identified has increased, their individual (per allele) effect size on T2DM risk prediction has decreased. This finding indicates that the common variants with the largest effect size associated with T2DM have already been discovered ( Figure 1 ). Looking at the physiological indices, approximately 10 of the first 37 loci reported by the DIAGRAM consortium seem to be implicated in β-cell function and insulin secretion or processing, whereas only four are thought to be involved in insulin sensitivity. 2 Consequently, many loci have no obvious function in glycaemic regulation, and further work is required to elucidate the biology behind the fact that a substantial association with risk of T2DM was detected. 2, 3 The revelation of new biological pathways implicated in T2DM pathophysiology could be one of the most promising contributions of T2DM genetics to date. Despite the excitement raised as a consequence of these novel findings, there has been scepticism about the clinical usefulness of T2DM genetics. One hope has been to use genetic information to identify individuals at high risk of developing T2DM, with the goal of providing 'personalized medicine' to offer targeted T2DM prevention strategies. Indeed, lifestyle intervention can prevent disease onset in individuals at high risk of T2DM. [4] [5] [6] [7] Nonetheless, interventions tested in T2DM prevention trials are resource-intensive, and current healthcare systems are unable to support such approaches at a population level or even for subgroups of individuals with prediabetes. 8 Another hope for T2DM genetics is that personal knowledge of genetic risk would improve individual motivation for healthful behaviour change. 9 This Review examines current knowledge about T2DM genetic risk prediction in general populations (with insights from diverse ethnic backgrounds and age ranges), the effect of lifestyle intervention according to gen etic risk and the capacity of genetic counselling to sup port be haviour modification. Future areas of research linking T2DM genetics to T2DM prevention are also considered.
investigators have tested whether aggregating genetic information from multiple variants could prospectively predict new cases of T2DM in unselected general populations where most individuals are at low phenotypic risk. Genetic risk scores (GRS; Box 1) to predict T2DM are built by summing the risk alleles that an individual carries, assuming that model is additive (zero, one or two risk alleles at each locus). These scores can be weighted according to the effect size reported in the initial casecontrol studies. This approach allows some risk alleles to contribute more risk information to the score than other alleles. For example, the risk allele at TCF7L2 carries an odds ratio (OR) of 1.40 per risk allele (the largest effect size known for a common variant), whereas most other loci have been found to carry ORs of 1.05-1.20 per risk allele. 1 However, weighting the effect alleles did not markedly influence the results in most of the studies that performed both weighted and non-weighted analyses. 10 Key points ■ Over the past few years, more than 65 genetic loci associated with type 2 diabetes mellitus (T2DM) have been discovered that reveal novel biologic pathways ■ Clinical T2DM prediction models are improved by the addition of information about genetic risk variants ■ Genetic risk scores that aggregate risk variants can predict incident T2DM in populations of diverse ethnic background and age range ■ Lifestyle interventions targeting moderate weight loss lower the risk of T2DM, independent of the genetic burden, and might have increased benefit among individuals at high genetic risk
One of the first prospective T2DM prediction studies was the Framingham Heart Study, which reported the association of a GRS comprising 18 known T2DM loci with disease incidence over 28 years of follow-up among individuals who were nondiabetic at the beginning of observation. 10 On average, individuals who ultimately developed T2DM had approximately one-half of a risk allele more than those who did not develop T2DM (17.7 ± 2.7 versus 17.1 ± 2.6, respectively; P <0.001). The sex-adjusted OR for T2DM was 1.12 per risk allele, indicating that each risk allele had increased the odds of developing T2DM by approximately 12%. Adding the GRS to a T2DM prediction model including sex only (representing the most basic genetic information that can be determined by phenotypic examination at birth) markedly improved the C-statistic (Box 1) from 0.53 to 0.58 (P = 0.01). The GRS remained significantly associated with T2DM risk in a clinical prediction model that included sex, age, family history of T2DM, BMI, fasting plasma glucose level, systolic blood pressure, HDL cholesterol and fasting triglyceride levels. 10 However, measure ments of model discrimination and reclassification demonstrated that the GRS added only marginal information to the clinical prediction model.
An analysis of the Malmö and Botnia studies, two European prospective population-based studies, with at least 23 years of follow-up, reached a comparable conclusion using an 11-locus GRS. 11 The predictive ability was increased over a long duration of follow-up, with a C-statistic of 0.56 in evaluating the GRS in the shortest quintile of follow-up time (16.3 ± 2.5 years) versus a C-statistic of 0.62 in the longest quintile of follow-up time (28.4 ± 0.5 years; P = 0.01). By contrast, the clinical prediction model performed better over the shortest follow-up time, with a C-statistic of 0.75 versus 0.67 for the longest quintile of follow-up time (P = 0.01). This observation is consistent with the static nature of the genotype, whereas any measured clinical factor, such as BMI or blood pressure, is dynamic in nature and varies over an individual's lifespan. This finding also raises the possibility that genetic testing early in life might better discriminate T2DM risk than genetic testing later in life.
Plateau for predictive value
Other researchers have tested the ability of GRS to predict T2DM in prospective studies, mostly finding positive associations (reviewed elsewhere 12 ); however, many investigators highlighted the marginal improvement in predictive ability of the models reported in such studies. One hypothesis suggests that as the number of T2DM-associated loci identified grows, thereby capturing an increased proportion of the heritability of T2DM, generation of more-inclusive GRS would improve the predictive value of genetic testing, similar to observations with the genetic determinants of other metabolic traits. 13 Following the second publication of large-scale T2DM GWAS by the DIAGRAM consortium, 14 a GRS that included 40 loci was tested and compared to the previously reported 17-locus GRS used in the Framingham Heart Study. 15 The mean GRS was approximately one and a half risk alleles higher among individuals who developed T2DM than those who did not (P = 1.7 × 10 -10 ). As shown in Figure 2 , the addition of the 40-locus GRS improved the predictive power of the clinical model: the C-statistic was 0.906 with this score and 0.903 without it (P = 0.04). Performance of the 40-locus GRS, therefore, exceeded that of the original 17-locus GRS. 15 Nevertheless, other research suggests that using an even greater number of common variants for T2DM prediction might not have additional benefits. One analysis suggests that using a 62-locus GRS does not further improve the predictive value of the 40-locus GRS in a sample of participants enrolled in the Framingham Heart Study. 16 The C-statistic was identical (0.906) regardless of which GRS was added to the clinical risk factor model ( Figure 2 ). This observation suggests that a GRS might reach a plateau for its predictive value after a certain number of T2DM loci have been included, particularly because newly identified risk alleles are associated with smaller and smaller effect sizes. 1 
Influence of age
The timeline for T2DM prediction influences the performance of individual risk factors and prediction models. That is, a model optimized to predict incident T2DM over a 5-year period might perform poorly for predic tion over 30 years; furthermore, this discrepancy might dif fer between genotype-based and phenotype-based models.
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Unlike clinical risk factors, such as BMI and fasting blood glucose level, genetic coding variants have the rare proper ty of being an exposure that remains static over the life course. In theory, genetic models should outperform those that consider clinical risk factors that change over time in predicting T2DM over long time frames.
A related concept is that genotype may have greater predictive strength when applied to young popula tions, who collectively might not yet manifest phenotypic T2DM risk factors, such as overweight or dys glyca emia. The prospective cohort studies detailed above applied polygenic T2DM prediction models to populations general ly comprising middle-aged adults (aged >30 years). [10] [11] [12] 15, 16 Although the use of a polygenic GRS pre dicted incident T2DM in these studies, the scores only marginally improved the clinical prediction models in these middleaged populations. This finding is not entirely surprising, as individuals at high risk of T2DM had probably already accumulated obvious, measure able phenotypical T2DM risk factors. For instance, in the Framingham Heart Study, 10,15 the 40-locus GRS seemed to enhance the net reclassification improvement index (NRI; Box 1) of clinical prediction models in the sub group of participants aged <50 years but not in the group aged ≥50 years at baseline. The OR per risk allele was 1.17 and the NRI was 11.9% for individuals aged <50 years (P = 0.009). By contrast, the OR per risk allele was 1.07 and the NRI was 0.47% among individuals aged ≥50 years (P = 0.92). 10 The effect of age in a nested case-control study was also tested using data from the prospective EPIC study, a large European population-based cohort. 17 A GRS comprising 42 known loci was able to predict T2DM in this population. The C-statistic for the whole cohort was 0.579; after stratification, this value was 0.589 for individuals aged <50 years and 0.577 for those aged ≥50 years.
Some studies have specifically examined genetic prediction of T2DM in youth. Polygenic GRS predicted incident T2DM in two US prospective population-based cohorts that were followed up over 25 years: the Bogalusa Heart Study (adolescents aged 12-18 years at baseline) and the CARDIA study (young adults aged 18-30 years at baseline). 18, 19 The hazard ratio (HR) per risk allele in the demographic model was 1.09 (P = 0.01) among the participants from the Bogalusa Heart Study (adolescents at baseline) and 1.09 (P <0.0001) among young adults from the CARDIA study. The NRI for the GRS in both of these studies (0.261-0.306) seemed to be stronger than in the overall middle-aged Framingham Heart Study prediction model (0.256), but not quite as strong as the NRI in Framingham Heart Study participants aged <50 years (0.403), as hypothesized on the premise of young age ( Figure 3 ). Once again, the GRS significantly predicted T2DM incidence but provided marginal value to improving prediction models based on clinical measure ments. Thus, BMI and other phenotypical metabolic risk factors present in childhood and adolescence seem to already be important predictors of T2DM risk later in life, in dependently of known T2DM genotypes.
Prediction models applied in early childhood or even at birth have appeal for primary prevention. Using only the information that might be available at birth (that is, sex and genotype), the C-statistic in the Framingham Heart Study increased from 0.534 (sex only) to 0.581 (sex plus GRS; P = 0.01), yielding an NRI of 4.1% (P = 0.004). 10 Identifying perinatal risk factors for adult T2DM, such as maternal factors and birth weight, has also garnered Box 1 | Glossary of terms ■ C-statistic. The value of the area under the receiver operating characteristics (ROC) curve, which is a graphic representation of the ability of a test to distinguish between individuals who have an outcome or disease and those who do not. The ROC curve plots the sensitivity (or true positive rate) on the y axis versus 1 minus the specificity (or true negative rate) on the x axis. If the value is 0.5, the test result is equivalent to pure chance; the higher the value, the more accurate the discrimination. ■ Genetic risk score (GRS). A score aggregating information from more than one variant at different genetic loci associated with a disease. A GRS is generally constructed according to an additive genetic model, such that one point is accorded for each copy of the risk allele carried by an individual at each loci included. The value of the allele can also be weighted by the disease risk effect size reported in previous association analyses. ■ Net reclassification improvement index (NRI). interest. 20 In an analysis of data from 2,003 adults aged 56-70 years in the Helsinki Birth Cohort Study, a study of Finns born between 1934 and 1944, birth weight and genetic variants at nine loci interacted to influence T2DM risk. 21 Individuals with low birth weight and high overall genetic risk were most likely to develop T2DM by 70 years of age. How additional maternal and perinatal factors and GRS might compare and interact as important T2DM predictors over the life course is still unknown.
Influence of gestational diabetes mellitus
Some studies have investigated the performance of a GRS to predict T2DM among women with previous gestational diabetes mellitus. This population is generally young, as it comprises women of reproductive age, but recognized to have a very high risk of developing T2DM. 22 A GRS based on 13 variants at 11 known T2DM loci was associated with incident T2DM in a cohort of multiethnic women with previous gestational diabetes mellitus who underwent serial oral glucose tolerance tests for up to 5 years (HR = 1.11; P = 1.6 × 10 -4 ). 23 Similar findings were reported in a cohort of East Asian women using a 48-locus GRS; adding this GRS increased the C-statistic from 0.741 to 0.775 (P = 0.02), with a continuous NRI of 0.430, indicative of moderate reclassification compared with the clinical model that included age, BMI, family history of T2DM, blood pressure and fasting levels of glucose and insulin. 24 Thus, including genetic risk in a prediction model could inform T2DM prediction even among populations already known to be at very high risk of developing this condition.
Influence of ethnicity
Evaluating the role of genetic T2DM prediction in nonEuropean racial and ethnic groups is important, as they are at greater risk of developing T2DM than their European counterparts. Unfortunately, however, study of the genetic architecture of T2DM in these populations has lagged behind that in populations of Euro pean ancestry. For example, the 2012 DIAGRAM GWAS metaanalysis comprised almost 150,000 individuals, the vast majority of whom were of European ances try. 1 The largest T2DM GWAS among eastern Asian populations included almost 55,000 individuals and identified eight novel T2DM loci as well as many of the previously described European loci. 25 By contrast, the largest GWAS analyses of populations of African and Indian ancestry conducted to date included just over 8,000 and 12,000 people, respectively. 26, 27 Replication studies have generally found that T2DM-associated loci discovered in European populations are also associated with T2DM in non-European populations, [28] [29] [30] despite an increased genetic diversity among evolutionarily ancient populations, such as Africans, whose genomes contain large numbers of common variants and shorter length of DNA sequences between recombination locations (also known as linkage disequilibrium blocks). Among adolescents and young adults enrolled in the Bogalusa and CARDIA studies, respectively, the ability of a polygenic GRS to predict incident T2DM did not differ between white and black Americans. 18, 19 In addition, a case-control study demonstrated that a polygenic GRS comprising loci discovered in Europeans was significantly associated with T2DM among middle-aged African-Americans with a mean age of 56 years. 31 Finally, EpiDREAM, a multi-centre 5 both included frequent patient contact with a health professional and be havioural support to moderately increase physical activity and decrease caloric intake, aiming for 5-10% weight loss and maintenance. Despite the large benefit for T2DM prevention (relative risk reduction of 58% in both studies), intensive lifestyle interventions are not generally offered in most health-care settings. This discrepancy might reflect a lack of specialist resources such as dieticians, physical activity specialists and behavioural counsellors; in addition, clinicians could have doubts about the ability of patients to change their behaviour. One hope of 'personalized medicine' for T2DM is to identify patients who are most likely to benefit from intensive lifestyle intervention either by achieving a large physiological response (for example, substantial weight loss) or else by experiencing an increased psychological effect (for example, increased motivation or adherence) following disclosure of their T2DM genetic risk.
Influence of genetic risk on intervention
Some studies have examined whether genotype-either at a single locus or across several T2DM-associated lociinfluences the effectiveness of and biological response to lifestyle modification for T2DM prevention.
TCF7L2
The Diabetes Prevention Program investigated whether the effects of lifestyle intervention differed by TCF7L2 genotype. 33 This gene encodes transcription factor 7-like 2 and is the T2DM risk locus identified to date that has the largest effect size per risk allele and that has been the most replicated across studies. Individuals carrying two copies of the T risk allele at rs7903146 had a greater risk of developing T2DM in the control group (HR = 1.81 versus CC homozygotes; P = 0.004) as expected from risk conferred by that allele in observational studies. By contrast, progression to T2DM was not associated with the risk genotype in the intensive lifestyle intervention group (carriers of two copies of the T risk allele had an HR = 1.15; P = 0.60), suggesting that be haviour modification can mitigate the risk conferred by this genetic variant. Similar results were found in the Finnish Diabetes Prevention Study when investigating the same risk variant at TCF7L2. 34 Together, the findings of these two studies strongly suggest that intensive lifestyle intervention can efficiently reduce the genetic susceptibility to T2DM attributable to TCF7L2. Conversely, in a single-arm lifestyle intervention study among high-risk individuals, carriers of the T risk allele of TCF7L2 showed smaller decreases in BMI and percentage body fat over 9 months than did those without this risk allele. 35 Other intervention studies have not generally observed differential effects by TCF7L2 genotype, perhaps owing to a lack of statistical power or because of differences in the populations studied. 36, 37 Other known T2DM loci Many other candidate gene variants for T2DM have been tested for their interaction with lifestyle intervention, with predominantly mixed or contradictory results. For example, the effect of risk alleles in genes encoding peroxisome proliferator-activated receptor γ (PPARG 38 ) and ectonucleotide pyrophosphatase/phosphodiesterase family member 1 (ENPP1 39 ) on T2DM incidence seemed to be reduced in the lifestyle intervention arm of the Diabetes Prevention Program but not in other studies. 40, 41 The Diabetes Prevention Program is currently the largest randomized trial of T2DM prevention, with approximately 1,000 individuals enrolled per arm who have consented to provide DNA samples (for each of the three arms completed: placebo, metformin and intensive lifestyle intervention). Despite moderate statistical power to detect a genetic effect size of similar magnitude to that found in observational studies in the overall cohort, the Diabetes Prevention Program remains limited to the detection of gene-intervention interaction. 42 A total of 1,536 single-nucleotide polymorphisms located in 40 candidates genes were tested, but only 23 loci were found to have a nominally significant interaction with lifestyle intervention; none of these loci maintained significance after adjustment for multiple testing. 42 
Aggregated T2DM genetic burden
The Diabetes Prevention Program cohort was also examined to determine whether cumulative aggregated T2DM genetic risk, rather than individual loci, influences the effectiveness of lifestyle intervention. A 34-locus GRS predicted the risk of developing T2DM in the overall cohort, with an HR of 1.02 per risk allele (P = 0.03 in the fully adjusted model). 43 When participants were classified according to their genetic risk profile within each treatment arm, individuals at the highest genetic risk (top quartile of the GRS) still benefited from the intensive lifestyle intervention. As shown in Figure 4 , the T2DM in cidence was 12 cases per 100 person-years in the control arm versus five cases per 100 person-years in the life style arm (P <0.001). The results of this analysis also sug gest that the benefit of lifestyle intervention is greatest among individuals with the highest genetic risk; however, the interaction between GRS and the treatment arm was not statistically significant. 43 The Finnish Diabetes Prevention Study investigators demonstrated that lifestyle intervention was beneficial and prevented T2DM independently of the aggregated genetic risk of T2DM estimated by a 19-locus GRS. 44 They also reported that the GRS added little to T2DM prediction above known clinical risk factors and the effect of intervention, in line with observational studies. 10, 11 Overall, these studies reassure clinicians and patients that lifestyle modification and modest weight loss can prevent T2DM, regardless of genetic risk, and possibly benefit individuals at high genetic risk to an even greater degree than those at low genetic risk.
Genetics for motivating behavioural change
Separate from the ability to improve risk stratification, T2DM genetics might also facilitate disease prevention by influencing health psychology. The knowledge of increased genetic susceptibility to T2DM could motivate an individual to implement prevention strategies, such as weight loss or increased physical activity. Indeed, some patients have reported that they would be more motivated to change behaviours to prevent T2DM if they learned that they were at increased genetic risk. 9, [45] [46] In one survey, up to 71% of patients reported that they would be very likely to modify their behaviours if they were tested and told that they were at high genetic risk. 9 How ever, translating such intentions into preventative action requires sustained health behaviour changes in dietary and physi cal activity habits. In addition, T2DM genetic testing identifies individuals at high, moderate and low genetic risk; the possibility, there fore, exists that individuals may become demotivated to make be havioural changes depending on their risk prediction results. In particular, some sedentary patients with obesity will be classified as low T2DM genetic risk; such a result could adversely influence much needed motivation to lose weight and increase physical activity for improving health among this group.
Observational and intervention trial data do not yet support the use of genetic susceptibility testing to implement behaviour change. [47] [48] [49] [50] At least three randomized trials have examined the effect of T2DM genetic susceptibility testing on health behaviours and outcomes. The Genetic Counselling and Lifestyle Change for Diabetes Prevention (GC/LC) study allocated patients with features of the metabolic syndrome to T2DM genetic susceptibility testing with a polygenic score comprising 36 single-nucleotide polymorphisms. 48 Individuals classified as at either high or low genetic risk for T2DM received a short genetic counselling session to explain their test results, discuss the relative contribution of genetic versus lifestyle factors to T2DM risk, and place their genetic test results in context of overall risk of T2DM (in this study, that related to the metabolic syndrome). The investigators hypothesized that the genetic testing and counselling sessions would enhance patient engagement in riskreduction behaviour changes and increase motivation and confidence to adopt healthier behaviour. A control group did not receive genetic testing or counselling. All study participants were then enrolled in a 12-week group lifestyle modification programme based on the Diabetes Prevention Program. 4 Lifestyle modification was associated with a mean weight loss of 3.9 kg, but this amount did not differ between the tested and untested arms, or between individuals who learned they were at high genetic risk versus those who learned they were at low genetic risk. At the end of the 12-week programme, there was no detectable between-groups difference in change in attitude towards T2DM prevention behaviours (perception, motivation, confidence or readiness for behaviour change) or in programme attendance.
Whereas the GC/LC study targeted high-risk individuals and provided substantial support for lifestyle modi fication, two large trials recruited participants from a general primary care patient population and provided just a single, brief T2DM risk-counselling session highlighting clinical risk factors alone or clinical risk factors plus genetic susceptibility. 49, 50 The final results of these two trials have not yet been published, but preliminary analyses have demonstrated that none of the changes in behaviours and clinical measurements differed between the two arms. 51 Thus, it remains to be seen whether testing to provide knowledge of genetic susceptibility can motivate health behaviour change to prevent T2DM.
Future perspectives
Interest in early life-course determinants of adult chronic diseases, including T2DM, is increasing. 52 The epidemiological observations that T2DM is associated with both low and high birth weight have raised numerous hypotheses around what is now called the 'fetal programming' of metabolic diseases. 53 Both genetic and environmental factors are likely to be involved in these phe nomena. Studies of genetic determinants of birth weight by GWAS have revealed that risk variants for T2DM were also associ ated with low birth weight (ADCY5 [adenylate cyclase type 5] and CDKAL1 [threonylcarbamoyladenosine tRNA methylthiotransferase]) and high birth weight (TCF7L2). 54 Conversely, there are clear indications that the in utero environment has a role in fetal programming, as individuals exposed to either famine 55, 56 or maternal diabetes mellitus (gestational or pre-existing) 57 during fetal development are more likely than their unexposed siblings to develop obesity and/or T2DM later in life. Genetics might help increase understanding of the biological mechanisms underpinning fetal metabolic programming. Of particular interest is the field of e pigenetics-the study of changes in gene expression caused by mechanisms other than variation in the underlying DNA sequence. Epigenetic phenomena include DNA methylation and histone modifications, which are malleable but can persist over decades. DNA methylation is particularly sensitive to events during development in utero because DNA is almost fully demethylated during zygote formation and specific methylation is re-established throughout fetal development during tissue differentiation. Patterns of DNA methylation at candi date genes such as LEP (encoding leptin) have been associated with in utero exposure to famine 58 and to maternal impaired glucose tolerance during pregnancy, 59 suggesting that 'programmed' regulation of these genes might lead to certain metabolic outcomes, such as weight regulation in the LEP example, later in life. The field of epigenetics in human fetal metabolic programming is still in its infancy, and more studies are needed to reveal early epigenetic markers that identify individuals affected by adverse in utero or early life events leading to future meta bolic diseases, such as T2DM. Once identified, epigenetic markers could help detect children and families for whom intensive lifestyle intervention should be emphasized in the hope of altering the impaired metabolic trajectory for which they are programmed. The dynamic nature of putative epigenetic markers may present some challenges compared to the static nature of genetic variations to predict future disease, but they can also offer interesting avenues to improve understanding of aetiology and the effect of interventions at a molecular level. In this framework, dynamic epigenetic markers could also be used to monitor the effect of lifestyle interventions provided during pregnancy or in early childhood. Interventions aimed at primary prevention are necessary if the current T2DM epidemic is to be slowed.
Conclusions
The use of GRS is associated with increased individual risk of incident T2DM but only marginally improves population discrimination in prediction models that include established clinical risk factors. The optimal number of loci to include for a GRS to be informative will probably reach a threshold given current knowledge of variants frequently associated with T2DM. Clinical trials that incorporated T2DM genetic counselling have not yet shown an enhanced behavioural response to lifestyle intervention aimed at T2DM prevention. Nevertheless, it is encouraging to know that lifestyle interventions are efficacious at preventing T2DM even among individuals at high genetic risk. Future studies should focus on young populations to assess prediction models that include early life determinants of future T2DM and to test interventions in infancy or during pregnancy aiming at primordial prevention of obesity and T2DM.
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